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摘 要
科技的发展带动现代仪器朝着光、机、电一体化的微结构趋势发展，透镜作
为一种重要的光学元件在民用和军用工业领域都有着广泛的应用。用于高精密仪
器设备中的透镜不仅要有优越的光学性能，而且也要有微型化和高集成化的结
构，因此透镜微结构中的代表——透镜阵列便应运而生。随着对透镜阵列的应用
要求不断提高，传统透镜的加工方法已经很难适用于透镜阵列的加工，因此国内
外将目光投向了新的超精密加工方法。其中，基于快刀伺服技术（FTS）的复杂
微结构加工具有高频响、高定位精度和高加工精度等突出优点，已然成为微车削
加工的主流技术之一。目前，国外许多国家已经成功运用该项技术加工出了高精
度的透镜阵列元件，相关产品已应用于工业领域，而国内对该技术的研究起步较
晚，对于核心基础技术研究匮乏，加工后的产品质量存在明显差距。基于此，本
文研究了基于FTS的透镜阵列加工技术及加工装置，主要内容如下：
1.快刀伺服进给机构的设计：首先对快刀伺服进给机构的驱动方式、导向机
构进行了选择；接着设计了快刀伺服进给机构的机械结构，并确定了导向机构的
基本尺寸；最后通过对柔性铰链的系统仿真设计和校核确定了其最终尺寸，完成
了快刀伺服进给机构的整体结构设计。
2.透镜阵列加工方法与加工形貌仿真研究：以典型的四球冠凸透镜阵列为研
究对象，结合车削过程中刀具的螺旋式进给运动方式，提出了透镜阵列面形生成
原理和坐标计算的方法；对加工中的形貌仿真原理进行了分析，讨论了主要加工
参数对加工结果的影响，编写了加工形貌仿真程序来模拟加工过程，通过仿真结
果验证了主要加工参数对加工结果的影响。
3. 构建了2轴加工实验平台：设计了2轴平台的机械系统并进行了实物加工，
设计了基于运动控制器的开放式数控系统，对系统进行了电气设计选型。
4.平台调试及系统实验研究：对加工平台的移动轴和主轴进行了定位精度测
试；对快刀伺服进给机构进行了定位精度、重复定位精度、方波响应以及正弦波
响应测试；进行了4组加工实验，实验结果验证了整个加工系统的可行性，同时
指出了加工平台软硬件提升的方向。
关键词：FTS；形貌仿真；透镜阵列加工；
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Abstract
Precision technology now develops very quickly. The development of technology
requires the integration of the light, machine, electricity, lens as an important optical
components into the modern instruments in civil industry and military industry areas.
High-precision instruments and equipment requires the lens to have not only superior
optical performance but also structure of miniaturization and integration, so lens array,
lens microstructure representative, generates. Conventional lens machining methods
are difficult to apply to the lens array, so scholars’ attention all over the world is
devoted to the new ultra-precision machining methods. FTS becomes one of the
mainstream technologies in microstructure turning area because of its high
frequency response, high accuracy and high precision positioning. Currently, many
countries have successfully used the technology to machine the precision lens array,
and the technology has also been applied to the industrial sector. While domestic
research on this technology started late, and the core foundation technologies had not
be yet fully mastered, and products quality is still far lag behind the abroad ones. This
paper aims to research the technology and device of lens array with FTS. The main
contents are listed as follows:
1. To design of FTS feeding mechanism: Firstly, FTS feeding mechanism drive and
guiding mechanism were selected. Then, the mechanical structure of FTS feeding
mechanism is designed and the basic dimensions of the guiding mechanism were
determined.
2. To research the lens array machining method and topography simulation: This
paper took the typical four-ball crown lens array as research subjects, and face-shape
generation principle and coordinate calculation method of lens array was proposed
taking the tool spiral movement into account. The machining topography simulation
principle was analyzed, and the main simulation parameters affecting as to the
machining results were discussed. Based on the discussion above, this paper
composed machining topography simulation program with MATLAB to prove the
parameters affecting.
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3. To construct a two-axis machining experimental platform: The experimental
platform mechanical system design and processing was completed. The motion
controller was proposed basing on open CNC system structure and complete electrical
design and component selection.
4. Platform debugging and system experiment study: The positioning accuracy of
machining platform moving axis and spindle was tested. The positioning accuracy,
repeat positioning accuracy, square wave response and sine wave response were also
examined. Four groups machining experiments were implemented and experimental
results verified the feasibility of the overall processing system. The upgrade direction
of the processing platform hardware and software have been presented.
Keyword: FTS; Topography Simulation; Lens Array Machining;
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